The seismic performance of 'Added Stories Isolation' (ASI) systems are investigated for 12-story moment re-14 sisting frames. The newly added and isolated upper stories on the top of the existing structure are rolled to act as 
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Based upon new and emerging findings in the area of seismic effects on buildings, an increasing number of ex-30 isting structures are facing the necessity of seismic retrofit. There is not yet a practical method for a large num-31 ber of buildings to improve their performances in the case of an earthquake event. In addition, there is an in-32 creasing desire to expand upwards due to lack of new land to develop. The tuned mass damper (TMD) system 33 can be a great help for both cases because it does not require any major changes in existing buildings and, in 34 some cases can be applied without significant interruption in their operation. TMDs of all possible types have 35 the added advantage of being effective and feasible for taller structures where base isolation is not possible. 36
However, the ultimate performance of the TMD system is limited mainly by the size of the additional mass, 37 which is typically 0.25~1.0% of the building's weight in the fundamental mode. 38
In an attempt to overcome the limitation of TMD size and find the reliable use of large sized TMD, several stud-39 ies have been performed by considering a certain part of the structure itself as a tuned mass [1] [2] [3] . These seismic 40 isolation strategies using TMD design principle have been extended to convert a structural system, especially a 41 high-rise structural system, into a modified TMD system. Other researchers, furthermore, suggested some modi-42 fied structural configurations consisting of intentionally isolated structural components utilizing the proper in-43 teraction between the segregated structural portions [4] [5] [6] [7] . In their studies, they obtain a result that the seismic 44 force to the structure may be reduced by concentrating seismic energy dissipation in the isolation interfaces. 45 They also found that the response of the structure is affected by high frequency modes according to the vibration 46 features between the segregated structural portions. 47
In an ideal case for the retrofitting of existing structures, it is possible to apply this technique on top of the exist-48 ing structure simply by adding a few stories as these stories become part of the structure control system, alleviat-49 ing the necessity for additional mass that is redundant for the majority of the time. This approach is considered 50 as a quite lucrative retrofit approach in places where land for new buildings is expensive. In this study, a com-51 parison between a 12-story (original target structure) model, 14-story and 16-story (retrofitted structure) models 52 
Prototype Structural Modeling
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A prototype 12-story reinforced concrete framed structure, which was designed originally by Jury [8] , is intro-63 duced to demonstrate the potential and beneficial effects of the ASI systems as shown in Fig. 1(left) . More spe-64 cifically, as a target structure, it was designed according to the New Zealand Loadings Code [9] based on the 65 concept of capacity design. This structure was revised several times following the requests of the structural up-66 grades and code revision [10] [11] [12] . This model is strong but close to the current practical design requirements. 67
The building dimensions and member sizes adopted in this study are shown in Fig. 1 and Table 1 . 68
In dynamic analysis, it is important to set up a proper mathematical model that reduces the gap between the ana-69 lytical results and the true behavior of structure during an earthquake. Thus, the detailed dynamic modal proper-70 ties of the frame have been presented, along with the mathematical modeling and computational method (Table  71 2). Overall, it is a realistic nonlinear structure that is broadly representative of tall framed structures internation-72 ally. It was noted that under the considered structural properties and ground excitations, the displacement re-73 sponse due to the first mode constitutes approximately 80% ~ 90% of the total displacement response. Thus, the 74 first mode was selected for the design of the ASI systems considered. The modeling technique associated with 75 this model has been developed by the inelastic time-history analysis program, RUAUMOKO [13] . 76
For the suggested ASI systems, two stories and four stories are respectively added and isolated for the control of 77 12-story models and these mean that 24% and 40% more masses are added to the 12-story structure creating 78 '12+2' and '12+4' story structures, respectively. These retrofitting cases are shown schematically in Fig. 1 In this study, the weights of the structure are converted to masses internally within the program RUAUMOKO. 89
Generally, for building models, masses are typically lumped at the floor levels. These floor masses are then dis-90 For the modeling of damping, the 'Rayleigh' or 'Proportional' damping model and the initial stiffness matrix 95 was used [13] , and 5% critical damping was specified for the 1 st and 9 th modes of the 12 story framed structure. 96
When the additional stories are placed on the structure, the first mode is affected by the response of the added 97 stories. The previously determined 1 st and 9 th modal damping values for the structure without the added stories 98 were used for the 2 nd and 10 th modes with the added stories. Thus, the modal characteristics of the structure 99 without the added stories can be transferred to the structure with the added stories to create a more equal com-100 which are modeled as 'spring member' and 'dashpot member' respectively in the used program RUAUMOKO. 109
The overall mechanism of suppressing structural vibration induced by an earthquake is to transfer the vibration 110 energy of the structure to the isolated added stories. The transferred energy is dissipated at the isolation interface 111 so that seismic force of the entire superstructure can be reduced. Thus, the overall effectiveness depends on the 112 amount of energy transferred or the size of the isolated added stories, and the ability of the isolating elements 113 (laminated rubber bearing and viscous damper) to dissipate that energy via the relative motions at the interface. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 configurations are a quite a different problem. In the design of any control device for the suppression of undesir-123 able vibrations, the aim would be to provide optimal damper parameters to maximize its effectiveness. The chief 124 design response oriented parameters of the TMD are its tuning ratio (the ratio of the damper frequency to the 125 natural frequency of the structure) and damping ratio. The other important design parameter is the mass ratio 126 (the ratio of the damper mass to the mass of the structure). Considerable research has been devoted to the study 127 of TMD performance, to enable proper selection of TMD parameters [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . 128
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Overall, it is observed that the ASI control provides satisfactory reductions and that control performance is 214 clearly dependent on the specific earthquakes and suites. In addition, the control effects of the ASI systems are 215 not so influenced by the amount of added mass (12+2 vs. 12+4) and are relatively more pronounced under the 216 low and high suites than medium suite. On average, the '12+2' or '12+4' story ASI system received considera-217 bly more input energy than the original 12-story building. However, the share of structural components of the 218 system from this energy remained small. Reductions in responses are fairly modest considering that the retrofit-219 ted structures have fourteen and sixteen stories instead of the twelve of the original configuration. In addition, 220 care must be taken not to assume that ASI strategies which reduce statistical values for the ground motion sets 221 will reduce demands for all individual excitations. 222
The maximum displacements of each level increase steadily over the height of the level under the all suites as 223 shown in Fig. 5 . Both ASI systems (12+2 and 12+4) produce very similar displacements under the medium suite 224 (Fig. 5(b) ). However, under the high suite, the '12+4' ASI systems show relatively more reductions, and the 225 different distribution of displacement demands over the levels is fairly apparent. Under the low suite, the '12+4' 226 ASI system demonstrates more reduced demands from 9 th to 16 th floors. The 50 th percentile reduction factors of 227 the maximum displacements by the '12+2' ASI system are 0.669~0.811 under the suites, while 0.637~0.778 by 228 the '12+4' ASI system as shown in Fig. 9 . 229
The envelopes of the retrofitted interstory drifts are relatively uniform and the drifts are decreased over the 11 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 adding more stories to the existing building is primarily an attempt to control the fundamental mode of vibration 269 of the original structure by a damping mechanism located on the top of the building. Therefore, from a structural 270 point of view, the additional stories are solely meant to be a support for the reaction of the damping mechanism. 271
In the new system, the mass of added stories contributes mostly to the fundamental mode of vibration, which is 272 properly isolated by a long natural period. The second mode of the retrofitted structures, which has the mass of 273 the original building, is now accompanied by a large damping ratio as was intended, by design thus describing 274 how energy and force transmitted to the system are reduced. 275
Overall, the details and results of a set of comparative studies were performed to assess the feasibility and effec-276 tiveness of such isolation systems. The analysis has demonstrates the validity of realistic ASI systems for con-277 sideration in future design and construction in an analytical setting. Furthermore, this new system has the mean-278 ing of increase the impact of passive isolation methods by broadening their application domain to include tall 279 structures for which base isolation methods have not heretofore been considered feasible, such as high-density 280 residential apartment and commercial structures. These tall residential structures are becoming increasingly 281 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 will significantly advance the state of structural energy management and broaden its applicability by adding the 284 adaptability of active or semi-active feedback control systems. This feature is significant as the primary draw-285 back of passive, tuned systems is the loss of performance over the (long) lifecycle of the structure as its funda-286 mental dynamic change over time. 287
In view of these findings above, the proposed ASI system has the potential to become a practical and effective 288 way to reduce earthquake damage. Thus, these systems merit further studies to examine their advantages and to 289 further develop experimental validation and design solutions, leading eventually to practical initial designs. It 290 can be concluded that the suggested ASI system is directly relevant to future structural design and construction 291 in the area of structural energy management, given the level of seismic risk around many of our major cities in 292 the world. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  R  e  v  i  e  w  O  n  l  y 
